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Description 

[0001] This invention relates to carrier particles for use in dry powder inhalers. More particularly the invention 
relates to a method of producing such particles, to a dry powder incorporating the particles and to the particles them- 

SSIV6S. 

[0002] Inhalers are well known devices for administering pharmaceutical products to the respiratory tract bv inha- 
lation. Inhalers are widely used particularly in the treatment of diseases of the respiratory trad 
[0003] There are a number of types of inhaler currently available. The most widely used type is a metered dose 
inhaler (MDI) which uses a propellant to expel droplets containing the pharmaceutical product to the respiratory tract 
Those devices are disadvantageous on environmental grounds as they use CFC propellants 

[0004] An alternative device to the MDI is the dry powder inhaler. The delivery of dry powder particles of pharma- 
ceutical products to the respiratory tract presents certain problems. The inhaler should deliver the maximum possible 
proportion o the active particles expelled to the lungs, including a significant proportion to the lower lung, preferably at 
the low inhalation capab.lrt.es to which some patients, especially asthmatics, are limited. It has been found however 
that, when currently available dry powder inhaler devices are used, in many cases only about 1 0% of the active particles' 
that leave the device on inhalation are deposited in the lower lung. More efficient dry powder inhalers would give clinical 

LJ" II CI IIS. 

[0005] The type of dry powder inhaler used is of significant importance to the efficiency of delivery of the active car- 
tales to the respiratory tract. Also, the physical properties of the active particles used affect both the efficiency and 
reproducibility of delivery of the active particles and the site of deposition in the respiratory tract 

PS"! °" eXtt f ^ inha ' er deViC6, 3CtiVe P articles shou W fonn a physically and chemically stable aerocol- 
lo.d which remains in suspension until it reaches an alveolar or other absorption site preferably in the lungs Once at the 
absorption site, the active particle should be capable of efficient collection by the pulmonary mucosa with no active par- 
ticles being exhaled from the absorption site, "iiiuocuvepar 
[0007] The size of the active particles is particularly important. For effective delivery of active particles deep into the 
lungs, the active particles should be small, with an equivalent aerodynamic diameter substantially in the range of 1 to 
5pm, approximately spherical and monodispersed in the respiratory tract Small particles are, however, thermodynam- 
ically unstable due to their high surface area to volume ratio, which provides significant excess surface free enerov and 
encourages particles to agglomerate. In the inhaler, agglomeration of small particles and adherence of partteleslo the 
walls of the inhaler are problems that result in the active particles leaving the inhaler as large agglomerates or being 
unable to leave the inhaler and remaining adhered to the interior of the inhaler. 

[0008] The uncertainty as to the extent of agglomeration of the particles between each actuation of the inhaler and 
also between different inhalers and different batches of particles, leads to poor dose reproducibility. It has been found 
that powders are reproducibly fluidisable. and therefore reliably removable from an inhaler device, when the particles 
have a diameter greater than 90 pm. F 

[0009] To give the most effective dry powder aerosol, therefore, the particles should be large while in the inhaler 
but small when in the respiratory tract 

[0010] In an attempt to achieve that situation, one type of dry powder for use in dry powder inhalers may include 
carrier particles to which the fine active particles adhere whilst in the inhaler device, but which are dispersed from the 
surfaces of the carrier particles on inhalation into the respiratory tract to give a fine suspension. The carrier particles 
are often large particles greater than 90pm in diameter to give good flow properties as indicated above. Small particles 
with a diameter of less than 10pm may become coated on the wall of the delivery device and have poor flow andentrain- 
ment properties leading to poor dose uniformity. 

[0011] The increased efficiency of redispersion of the fine active particles from the agglomerates or from the sur- 
faces of carrier particles during inhalation is regarded as a critical step in improving the efficiency of the dry powder 
mhaJers. * 

[0012] It is known that the surface properties of a carrier particle are important. The shape and texture of the carrier 
particle should be such as to give sufficient adhesion force to hold the active particles to the surface of the carrier par- 
tele during fabneation of the dry powder and in the delivery device before use, but that force of adhesion should be low 
so enough to allow the dispersion of the active particles in the respiratory tract. 

[0013] It is an object of the invention to provide a method of producing carrier particles for use in dry powder inhal- 
ers and to provide carrier particles that overcome or mitigate the problems referred to above 

[0014] According to the invention there is provided a method of producing parties suitable for use as carrier par- 
ticles in dry powder inhalers, the method including the step of treating particles of a size suitable tor use as carrier oar- 
55 ticles in dry powder inhalers to dislodge asperities from the surfaces of the particles, without substantially changing the 
size of the particles during the treatment. y y 

[0015] The surface of the carrier particle is not smooth but has asperities and clefts in the surface The site of a cleft 
or an asperity is often found to be an area of high surface energy. The active particles are preferentially attracted to and 
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adhere most strongly to those high energy sites causing uneven and reduced deposition of the active particles on the 
carrier surface. If an active particle adheres to a high energy site, it is subjected to a greater adhesion force than a par- 
ticle at lower energy sites on the carrier particle and will therefore be less likely to be able to leave the surface of the 
carrier particle and be dispersed in the respiratory tract. During the treatment asperities are removed as small grains, 

5 thus removing active sites associated with the asperities. 

[0016] Advantageously, the asperities become reattached to the surfaces of the particles. The object of treating the 
carrier particles is to reduce the number of high energy sites on the carrier particle surfaces, thus allowing an even dep- 
osition of active particles adhered on the surface with a force of adhesion such that dispersion of the active particles 
during inhalation is efficient. While removing asperities as small grains removes those high energy sites associated with 

w the asperities, the surfaces of the carrier particle have other high energy sites, for example at the site of clefts, which 
sites are not necessarily removed when the apserities are removed. It would therefore be highly advantageous to 
decrease the number of those high energy sites. 

[0017] The grains removed from the surface are small and thermodynamically unstable and are attracted to and 
adhere to the high energy sites on the surface of the carrier particle. On introduction of the active particles, many of the 
75 high energy sites are already occupied, and the active particles therefore occupy the lower energy sites on the carrier 
particle surfaces. That results in the easier and more efficient release of the active particles in the airstream created on 
inhalation, thereby giving increased deposition of the active particles in the lungs. 

[0018] Advantageously, the treatment step is a milling step. The milling process causes asperities on the surfaces 
of the carrier particles to be dislodged as small grains. Many of those small grains become reattached to the surfaces 

20 of the carrier particles at areas of high energy. 

[001 9] Preferably, the milling step is performed in a ball mill. Preferably, the carrier particles are milled using plastics 
or steel balls. Bails made of plastics material give less aggressive milling, whilst steel balls confer more efficient surface 
smoothing. Advantageously, the mill is rotated at a speed of less than about 60 revolutions per minute, more advanta- 
geously at a speed of less than about 20 revolutions per minute, and most preferably at a speed of about six revolutions 

25 per minute. That is a slow speed for ball milling and results in the gentle removal of grains from the surfaces of the par- 
ticles and little fracture of particles. Fracture of the particles, which occurs with aggressive milling conditions, for exam- 
ple at higher milling speeds such as 60 revolutions per minute and/or long milling times, may result in agglomerates of 
fractured particles of carrier material. The use of agglomerates of particles as carrier particles has been found to lead 
to good deposition of active particles in the lower lung. 

30 [0020] Advantageously, the particles are milled for at least one hour, preferably the particles are milled for about six 
hours. That time has been found to be suitable when milling with balls made from plastics material. When using denser 
balls, shorter milling times may be used. Alternatively, a different milling technique may be used, for example using a 
re-circulated low fluid energy mill, or other method that results in the removal of grains from the surfaces of the particles 
e.g. sieving. 

35 [0021] The carrier particles may include may acceptable pharmacologically inert material or combination of mate- 
rials. Advantageously, the carrier particles are crystalline sugar particles. Preferably, the carrier particles are lactose 
particles. 

[0022] Advantageously, the diameter of the carrier particles lies between 50|im and lOOOnrn. Preferably, the diam- 
eter of the carrier particles is less than 355ujn and lies between 60u.m and 250jim, more preferably 90jim and 250 um. 

ao The relatively large diameter of the carrier particle improves the opportunity for active particles to become attached to 
earner particles which is controlled by the above technique to provide good flow and entrainment characteristics and 
improved release of the active particles in the airways to increase deposition of the active particles in the tower lung. 
[0023] The size of the carrier particles is an important factor in the efficiency of the inhaler, and an optimum, or near 
optimum, range of size of carrier particles is preferably selected. The optimum range of size of carrier particles may dff- 

45 fer according to the inhaler device and active particles used. Thus, the method preferably includes the step of selecting 
an advantageous range of size of carrier particles prior to the treatment step. That step of selecting an advantageous 
range of size may be a sieving step. 

[0024] According to the invention, there is also provided a method of producing a dry powder for use in dry powder 
inhalers, the method including the steps of treating carrier particles to dislodge asperities from the surfaces of the ear- 
so rier particles without substantially changing the size of the carrier particles during the treatment step, and mixing the 
treated carrier particles with active particles such that active particles adhere to the surfaces of carrier particles. 
[0025] Advantageously, the asperities become reattached to the surfaces of the carrier particles. 
[0026] Advantageously, the method includes the steps of treating carrier particles according to the present inven- 
tion and mixing the treated carrier particles with the active particles such that active particles adhere to the surfaces of 
55 carrier particles. The treatment of the carrier particles may be carried out before the active particles are added, but it 
may also be carried out in the presence of the active particles. 

[0027] Advantageously, the earner particles and the active particles are mixed in a container made from a plastics 
material. That has been found to give an unstable mixture of salbutamol and lactose and thus increases the deposition 



3 



EP 0 725 624 B1 

of salbutamol in the lungs. A container of different material may be used when using a mixture containing a different 
type of active particles. 

[0028] Advantageously, the carrier particles and the active particles are mixed for at least five minutes. Preferably, 
the carrier particles and the active particles are mixed for about thirty minutes. The mixing should be for a time sufficient 
s to give a homogeneous mixture of the active particles and the carrier particles, during mixing, rearrangement of the 
sites of particles may also occur, even when the system is homogeneous. 

[0029] Advantageously, the mixing is interrupted and the mixture of carrier particles and active particles is sieved. 
The sieving of the mixture reduces the number of large agglomerates present. Preferably, the sieve mesh size is about 
250um. 

w [0030] The ratio in which the carrier particles and active particles are mixed is dependent on the inhaler device and 
the active particles used. For the example given below, a ratio of 125 to 1 by weight is preferably used. 
[0031] Advantageously, the diameter of the active particles is between 0.1ujn and 3\im such that the particles give 
a good suspension on redispersion from the carrier particles and are delivered deep into the respiratory tract 
[0032] The active particles may include a pg-agonist which may be terbutaline, a salt of terbutaline or a combination 

is thereof or may be salbutamol, a salt of salbutamol or a combination thereof. Salbutamol and its salts are widely used in 
the treatment of respiratory disease. The active particles may be particles of salbutamol sulphate. 
[0033] The active particles may include a steroid, which may be beclomethasone dipropionate. The active principle 
may include a cromone which may be sodium cromoglycate. The active principle may include a ieukotriene receptor 
antagonist 

20 [0034] According to the invention, there are also provided particles made by a method according to the invention 
and suitable for use as carrier particles in a dry powder inhaler, the particles consisting of small grains and large parti- 
cles to the surfaces of which the small grains are attached. 

[0035] Preferably, the small grains have a diameter between 1 um and 5*im and, preferably, the large particles have 
a diameter between 50u.m and lOOOum 
25 [0036] Preferably, the large particles are particles of lactose. 

[0037] According to the invention, there are also provided particles suitable for use as carrier particles In a dry pow- 
der inhaler wherein the particles are made by a method according to the invention. 

[0038] According to the invention there is further provided a dry powder suitable for use in a dry powder inhaler 
including carrier particles according to the invention and active particles, wherein active particles adhere to the surfaces 
30 of carrier particles. 

[0039] The carrier particles usually consist of a particulate crystalline sugar. Lactose particles are often used as 
carrier particles. 

[0040] The active particles referred to throughout the specification will be particles of one or a mixture of pharma- 
ceutical products. Those pharmaceutical products include those products which are usually administered orally by inha- 
35 lation for the treatment of disease such as respiratory disease eg. p-agonists, salbutamol and its salts. Other 
pharmaceutical products which could be administered using a dry powder inhaler include peptides and polypeptides, 
such as insulin. In addition the method could find use in nasal delivery. 

[0041] According to a further aspect of the invention, there is provided a method of producing particles including 
the step of treating large particles such that small grains adhere to the surfaces of the large particles. 

40 [0042] As indicated above, the surfaces of the large particles are not completely smooth even following treatment 
such as milling but have asperities and clefts. As a result the surfaces have areas of high surface energy to which active 
particles are preferentially attached. An active particle at a high energy site is less likely to be able to leave the surface 
and be dispersed in the respiratory tract than an active particle at a site of lower surface energy. During the treatment 
of the large particles, the small grains are attracted to and adhere to high energy sites on the surface of the large par- 

45 tides. On the introduction of the active particles, many of the high energy sites are already occupied, and the active par- 
ticles therefore occupy the lower energy sites on the carrier particle surfaces. That results in the easier and more 
efficient release of the active particles in the airstream created on inhalation, thereby giving increased deposition of the 
active particles in the lungs. 

[0043] Advantageously the step of treating large particles such that small grains adhere to the surfaces of the large 
so particles is a mixing step. Small grains, or agglomerates of small grains, may be introduced to a sample of large parti- 
cles which may have been treated to dislodge small grains from the surfaces of the particles and the mixture blended 
for several hours to allow the small grains to become attached to the surfaces of the large particles. 
[0044] The small grains added to the large particles are preferably the product of milling large particles. If the large 
particles are subjected to aggressive milling, for example at high milling speed, small grains are produced. Those small 
55 grains may form larger agglomerates. 

[0045] Advantageously, the large particles and small grains are mixed in a ratio by weight of at least one part of 
large particles to each part of small grains. For example, the proportion of small grains may be between 10 and 30 per 
cent, especially of the order of 20 per cent by weight based on the combined weight of the small grains and the large 
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particles. It has been found to be highly advantageous for the surfaces of the large particles to become saturated with 
small grains. Some of the small grains may act as carrier particles for active particles, by leaving the surfaces of the 
large particles with active particles attached to their surfaces. The dimensions of the combined active particle and small 
grain are generally still within the optimum values for good deposition in the lower lung. It is believed that active particles 
5 which adhere to the small grains on the large particles, are preferentially released from the surface of the large parti- 
cles. 

[0046] Embodiments of the invention will now be described by way of example with reference to the accompanying 
drawings, of which: 

10 Figures 1 a to c show the effect of a milling treatment on the surface of a particle, 
Figure 2 is a perspective view of a dry powder inhaier. 

Figure 3 is a sectional diagram of a twin stage impinger. 
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[0047] The following Examples illustrate the invention. 
Example 1 



[0048] Carrier particles were prepared by the following method. Meggle lactose EP D30 {an a lactose monohy- 
drate: pure crystalline milk sugar) was used. Lactose EP D30 has a useful starting particle size range and acceptable 
20 flow properties. 

(a) The lactose was sieved by the following method conforming to British Standard No. 410 to give samples having 
particles with a range of diameter from 90 to 1 25ujti. Samples of 30 g of Lactose €P D30 were sieved mechanically 
for 20 minutes using a stack of woven wire stainless steel sieves of mesh aperture diameters 90um, 125um and 

25 1 80um. The mesh was vibrated at high speed to reduce the binding of lactose particles to the mesh of the sieve. 
After ten minutes of the sieving process, the sieving was stopped and each of the sieves was dismantled individu- 
ally and the powder on the sieve was removed, the sieve brushed and the powder replaced in the sieve from which 
it was removed. The sieve stack was then reassembled and the sieving resumed. This was done in an attempt to 
improve the efficiency of the sieving process. 50 g samples of the lactose EP D30 were taken from the particles 

30 that had passed through the 125um mesh sieve but had remained on the 90pm sieve. Those particles could be 
considered to have a diameter between 90um and 125|im. 

(b) The samples obtained in step (a) above were milled in a porcelain ball mill (manufactured by Pascal Engineering 
Company). Plastics grinding balls having an approximate diameter of 10 mm were used and the mill which had a 
diameter of approximately 150 mm was revolved at a slow speed of 6 revolutions per minute for six hours. During 

35 the milling process, the mill was periodically stopped and any powder adhered to the mill wall or to the plastics 
grinding balls, was scraped free. 

(c) Small samples of the milled lactose particles were mounted for scanning electron microscope (SEM) analysis 
and were sputtered with gold. The SEM analysis showed the extent of grinding of the lactose particles and the alter- 
ation of the surfaces of the lactose particles. 

40 Figure 1 a shows a representation of an untreated particle 1 having asperities 2 and clefts 3. Figure 1b shows 

the effect of a milling treatment on the particle of Figure 1a. Shaded areas 4 represent the sections removed from 
the surface of the particle as small grains during the milling. 

In Figure 1c small grains 5 have become reattached to the surface of the particle, mostly at active sites on the 
surface. 

45 (d) Samples of the milled lactose particles were mixed with the active particles. t).4 g of salbutamol sulphate (mass 
median diameter 4.6um) were added to 50 g of the milled lactose particles in a plastics container. After blending 
for ten minutes using an Erweka AR400 cube blender, the mixture was removed from the container and screened 
through a sieve of mesh aperture diameter 250u/n to remove any large agglomerations of active particles which 
may have formed. The mixture was returned to the container and blended for a further twenty minutes. The mixture 

so was stored in the plastics container for five days to allow the decay of any accumulated electric charges. 

The blending process was repeated for a 50 g sample of lactose particles which had been taken from the 
sieved sample of particles of diameter between 90nm and 125ujti, but which had not been milled, to give a com- 
parative example. 

(e) After five days, six samples each of 1 0Omg of mixture were taken from the containercontaining the miHed carrier 
55 particles, and four samples each of 100mg were taken from the container containing the unmilled carrier particles. 

Each sample was used to fill a respective one of ten size three capsules (size 3 opaque, Elanco BN 3D056D). 
Those capsules were albwed to stand for two days to allow the decay of any accumulated electric charge. 

(f) In order to assess the effectiveness of the mixing method, ten 1 0Omg samples were taken randomly from each 
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of the two mixes (and were made up to 250ml with distilled water) and were analyzed using spectrofluorimetry on 
a Shimadzu RS S40 spectrofluorimeter at an excitation wavelength of 223nrn and an emission wavelength of 
303nm as described below. The samples were analyzed against standard solutions of 1p.g/ml salbutamol sulphate 
and 5u.g/ml salbutamol sulphate, and the concentrations of each of the samples were calculated. 

5 The mass of salbutamol in the mix could therefore be calculated for each of the samples. The coefficient of var- 

iation (CV: calculated as the standard deviation of the values divided by the mean value x 100) of the mass was 
calculated for the ten samples of the mixture containing the milled particles and for the ten samples of the mixture 
containing the unrnilled particles. 

Any mixture for which the value for the coefficient of variation is calculated to be lower than 4.0 is usually 

io regarded as being a homogeneous mixture. The mixture containing the unrnilled particles gave a CV of 0.7 and the 
mixture containing the milled particles gave a CV of 1.3. Thus both mixtures were considered to be homogeneous, 
(g) The effect of the milling method on the surfaces of the lactose particles was verified using a dry powder inhaler 
device and a pharmacopoeial apparatus, for in vitro assessment of inhaler performance. 

(9)0) Figure 2 shows a view of a dry powder inhaler known as a Rotahaler. The inhaler comprises an outer cylin- 
75 drical barrel 1 1 and an inner cylindrical barrel 12 of similar radius such that the inner barrel 12 is just able to fit 
inside the outer barrel 11. A mesh 13 is attached across an end of the inner barrel 12 and a mouthpiece 14 is 
attached around that end section of the inner barrel 12. The outer barrel 1 1 is closed at one end by an end section 
1 5 which contains inlet slots 1 6 and an aperture 1 7. The inner barrel 1 2 also contains a fin 1 8 along a length of the 
inner barrel at the open end, the fin extending radially inwards from the internal surface of the inner barrel 12. 
20 To operate the device, the inner barrel 12 is inserted into the open end of the outer barrel 1 1 such that the 

mouthpiece meets the outer barrel 1 1 and the open end of the inner barrel is at the end section 15. Capsule 19 
containing the mixture of carrier particles and active particles is inserted into the aperture 1 7 such that a portion of 
the capsule 1 9 is held in the end section 1 5, and a portion of the capsule 1 9 extends into the inner barrel 12. The 
outer barrel 11 is rotated relative to the inner barrel 12 and thus the fin 18 engages and breaks the capsule. A 
25 patient inhales through the mouthpiece 14, air is drawn into the Rotahaler through the inlet slots 16, and the con- 
tents of the capsule are discharged into the inner barrel as a cloud of powder and inhaled via the mouthpiece 14. 
The mesh 13 prevents the inhalation of large particles or of the broken capsule. 

(g) (ii) Figure 3 shows a diagrammatic arrangement of a twin stage impinger <TSI). The TSI is a two stage separa- 
tion device used in the assessment of oral inhalation devices. Stage one of the apparatus is shown to the right of 

30 the line AB in Figure 3 and is a simulation of the upper respiratory tract. To the left of that line is stage two which is 
a simulation of the lower respiratory tract. 

The TSI comprises a mouth 21 which comprises a potydimethylsiloxane adaptor, moulded to accept ttie 
mouthpiece of the inhaler device, upper tubing 22 and upper impinger 23 to simulate the upper respiratory tract, 
the upper impinger containing liquid 24, and lower tubing 25 and lower impinger 26 to simulate the lower respiratory 

35 tract, the lower impinger containing liquid 27. The lower impinger 26 is connected via an outlet pipe 28 to a pump 
29 which draws air through the TSI apparatus at a predetermined rate. The base of the lower tubing 25 is at the 
level of the liquid 27 such that all the air drawn through the TSI bubbles through the lower liquid 27. The liquid used 
in both the upper and lower impinger is distilled water. 

In use, the inhaler is placed in a mouth 21 of the TSI. Air is caused to flow through the apparatus by means of 

40 a pump 29 which is connected to stage two of the TSI. Air is sucked through the apparatus from the mouth 21 , flows 
through upper tubing 22 via the upper impinger 23 and the lower tubing 25 to the lower impinger 26 where it bub- 
bles through liquid 27 and exits the apparatus via outlet pipe 28. The liquid 24 in the upper impinger 23 traps any 
particle with a size such that it is unable to reach stage two of the TSI. Fine particles, which are the particles able 
to penetrate to the lungs in the respiratory tract, are able to pass into stage two of the TSI where they flow into the 

45 lower impinger liquid 27. 

(h) 30ml of distilled water was put into the lower impinger 26 and 7m) of distilled water was put into the upper 
impinger 23. The lower tubing 25 was arranged such that its lower end was at the level of the water in the lower 
impinger 26. The pump 29 was adjusted to give an air flow rate of 60 litres per minute in the apparatus. 

The Rotahaler was weighed when empty. One of the prepared capsules was inserted into aperture 1 7 and the 
so inhaler was reweighed. The mouthpiece 1 4 of the inhaler was connected to the mouth 21 of the TSI, the outer barrel 
1 1 was rotated to break the capsule 1 9 and the pump was switched on and timed for a period of ten seconds. The 
pump was then switched off and the Rotahaler was removed from the TSI, reweighed and the amount of powder 
lost from the inhaler calculated. 

The remaining powder in the inhaler was washed into a flask for analysis and made up to 100ml with distilled 
55 water. The sections of the apparatus making up stage one of the TSI were washed into a second flask and made 
up to 250ml with distilled water. The sections making up the second stage of the TSI were washed into a third flask 
and made up to 1 00ml with distilled water. 

The other capsules were tested in the same way in a predetermined random order. 
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The contents of the flasks were then analyzed spectrofluorimetricalty using a Shimadzu R5 S40 spectropho- 
tofluorimeter at excitation wavelength 223nm and emission wavelength 303nm. Standard solutions of the active 
particles were also analyzed thus enabling the amount of active particles deposited in each of the stages to be 
determined. Salbutamol gives good fluorescence. 

(j) The contents of the flasks containing the washing from the stages of the TSI were analyzed using the spectro- 
photofluorimeter at excitation wavelength 223nm and emission wavelength of 303nm. The scan speed was set at 
medium and sensitivity high with an excitation slit width of 10nm and emission slit width of 1 Onm. The relative emis- 
sion intensities were measured for each of the salbutamol solutions. 

Standard solutions containing 1u.g/ml and 5jig/ml of salbutamol sulphate were made up using distilled water 
and the spectrofluorimetric analysis was repeated for each of those two samples. 

Assuming a linear relationship between the intensity of the emitted fluorescence and the concentration of salb- 
utamol in the samples, the concentration of salbutamol in the samples taken from the TSI could be calculated via 
the known intensities and concentrations of the standard samples. 

The percentage of salbutamol in each stage of the TSI could be calculated for each capsule and the mean for 
the milled samples and the unmilled samples could be calculated. 

(k) Table 1 below shows the relative intensity (Rl) measured spectrofluorimetricairy for the samples taken from each 
of the stages of the TSI: the inhaler device (R), stage 1 (1 ) and stage 2 (2). From those Rl values, the percentage 
of active ingredient, released from the capsule, that was present in each stage of the TSI could be calculated for 
each of the unmilled samples A1 to A4 and the milled samples B1 to B6. 

[0049] Table 2 shows the mean percentage of active ingredient in each stage, calculated for the six miHed samples 
and the four unmilled samples. 

[0050] From the value of the mass of the capsule, the mass of the Rotahaler, and the mass of the Rotahaler and 
capsule after the powder had been expelled, the mass of powder lost from the inhaler can be calculated. Thus the mass 
of the active ingredient lost can be calculated, assuming the mixture Is homogenous. 

[0051] From the Rl values for the standard solutions of salbutamol of known concentration, the concentration of 
salbutamol and hence the amount of salbutamol in each of stage 1 and stage 2 was calculated for each capsule. This 
amount is expressed in Table 3 as the mean percentage lost from the inhaler for the milled and unmilled samples. 



30 
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Table 1 



Sample 


RI(R,1,2) 


% of expelled salbutamol 
(R.1,2) 


B1 


26.4, 12.3, 19.2 


36.24, 38.20, 25.55 


B2 


52.8, 5.7, 6.4 


37.68, 14.27,6.76 


A1 


26.3, 20.6, 9.8 


30.97, 59.13, 9.89 


B3 


38.9. 9.2,15.4 


54.76.25.90, 19.33 


A2 


24.7, 20.3, 8.8 


31.01,60.53,6.50 


A3 


46.5, 11.5, 6.3 


61.41,32.71, 5.86 


B4 


13.8, 6.3, 9.3 


39.59, 35.96, 24.45 


B5 


56.8, 3.1,3.8 


92.45, 4.54, 3.00 


A4 


19.6,21.6,8.0 


22.4, 62.38, 15.23 


B6 


47.8, 7.3, 9.1 


69.31, 19.97, 10.73 



50 
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Table 2 





A (unmilled) 


B (milled) 


in the inhaler device 
in stage one 


43.8 
53.7 


45.5 
32.8 
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Table 2 (continued) 





A (unmilled) 


B (milled) 


in stage two 


9.4 


17.4 



5 



Table 3 





A (unmilled) 


B (milled) 


in stage one 
in stage two 


83.4 
16.6 


61.6 
38.4 



75 

[0052] The results show that there has been a significant increase in the deposition of the active particles in stage 
two of the apparatus for the lactose which has had the ball milling treatment An increased percentage of active parti- 
cles delivered to the second stage of the TSI corresponds to increased deposition in the lower respiratory tract. Thus 
the treatment has been successful and the surfaces of the lactose carrier particles have been modified by the milling 
20 process such that the active particles adhere less strongly to the lactose carrier particles. 

Example 2 

[0053] Carrier particles were prepared by the following method. Meggle lactose EP O30 (as described for Example 
25 1 above) was used. 

(a) The lactose was sieved by the following method to give samples having particles with a range of diameter from 
63 to 90um. Successive samples of 50g of lactose were sieved mechanically for 40 minutes using a stack of woven 
wire stainless steel sieves of mesh diameters 63um, 90ujti, 125nm, 180jxm and 250u,m. The sieving process cor- 

30 responded to that described in Example 1 (a). 

200g samples of the lactose were taken from the particles that had passed through the 90um mesh sieve, but 
had remained on the 63um sieve. Those particles could be considered to have a diameter between 63um and 
90nm. 

(b) The samples obtained in step (a) above were milled in a porcelain ball mill (manufactured by Pascal Engineering 
35 Company). 400ml of plastics grinding balls having an approximate diameter of 20mm were used and the mill was 

revolved at 6 revolutions per minute for six hours. 

(C) Samples of the milled lactose particles obtained in step (b) were mixed with active particles. 0.1 32g of beclom- 
ethasone dipropionate (BDP) (mass median diameter 1 .1 3pm) were added to 29.87g of the milled lactose particles 
in a glass mortar. Each 30g of mixture was blended in the mortar using a glass pestle. 
40 The blending process with 0.264g of BDP was repeated for a 29.74g sample of lactose particles having a diam- 

eter between 63 and 90um, but which had not been milled, to give a comparative example. 

(d) After one day, several samples each of 25 mg of mixture were taken from the container containing the unmilled 
particles and from the container containing the milled particles. Each sample was used to fill a respective one of 
size three capsules (size 3 transparent capsules obtained from Davcaps of Hitchen, Herts., England). Those cap- 

45 sules were allowed to stand for one day to allow the decay of any accumulated electric charge. 

(e) The effect of the milling method on the surfaces of the lactose particles was verified using a dry powder inhaler 
device and a pharmacopoeial apparatus as described in steps (g) and <h) of Example 1 above, the contents of the 
flasks containing the washing from the stages of the TSI being assayed using High Performance Liquid Chromo- 
tography (HPLC) analysis for the content of BDP and compared against standard solutions containing 0.5^ig/ml and 

so 1np/mlofBDP. 

The percentage of BDP in each stage of TSI was calculated from the standard response for each capsule and 
the mean for the milled samples and the unmilled samples could be calculated. 

(f) Table 4 below shows the BDP content (in ng) recovered from each stage of the TSI as an average for the sam- 
ples of the milled and the unmilled material. The respirable fraction (calculated as the percentage of the total 

55 amount of drug emitted from the device, that reaches stage two of the TSI) gives an indication of the proportion of 
active particles which would reach the deep lung in a patient The numbers in brackets indicate the coefficient of 
variation for each value. 
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Table 4 







unmilled 


milled 


5 


Device 


31.8(23.0) . 


19.3 (17.2) 




Stage 1 


164.4 <5.8) 


78.6 (7.1) 




Stage 2 


5.9(14.2) 


5.8(15.9) 


10 


Respirable Fraction (%) 


3.5(11.6) 


6.9(12.5) 



[0054] The results show that there has been an increase in the deposition of active particles in Stage two of the TSI: 
indicating an increased deposition in the deep lung for the milled samples. 

75 

Example 3 

[0055] Carrier particles were prepared by the following method: 

20 (a) Samples of 200g Meggle lactose EP D30 were sieved mechanically for 10 minutes using a single large (60cm 
diameter) screen vibrated on a rotary shaking device (William Boulton Ltd.). The lactose was sieved first on a 
1 25|im mesh, then subsequently on 90um and finally a 63iim mesh to obtain the same size separation obtained in 
step (a) of Example 2 above. 

(b) The samples obtained in step (a) above were milled in a porcelain ball mill (Pascal Engineering Company). 
rz 1 200m! of plastics grinding balls having an approximate diameter of 20mm were used and the mill was revolved at 
6 revolutions per minute for 24 hours. 

(C) Samples of the milled lactose particles obtained in step (b) were mixed with active particles. 0.31 82g salbuta- 
mol sulphate (mass median diameter 1 .97u.m) were added to 29.68g of the milled lactose particles and mixed in a 
Turbula mixer (type TZC, WAB AG, Switzerland) for 30 minutes. 
30 (d) After one day, several samples each of 25mg of mixture were taken from the container containing the miHed car- 

rier particles, and several samples each of 25mg were taken from the container containing the unmilled carrier par- 
ticles. Each sample was used to fill a respective one of size three capsules (transparent capsules obtained from 
Davcaps). Those capsules were allowed to stand for one day to allow the decay of any accumulated electric 
charge. 

35 (e) The effect of the milling method on the surfaces of the lactose particles was verified using a dry powder inhaler 

device and a pharmacopoeia! apparatus as described in steps (g) to (j) of Example 1 above, the contents of the 
flasks containing the washing from the stages of the TSI being arranged using HPLC analysis as in Example 2. 
(f) Table 5 below shows the salbutamol content (in \xg) recovered from each stage of the TSI as an average for the 
samples of the milled and the unmilled material. The respirable fraction (defined in Example 2(f) above) was calcu- 

40 lated. The numbers in brackets indicate the coefficient of variation for each value. 



Table 5 



45 





unmilled 


milled 


Device 
Stage 1 
Stage 2 

Respirable Fraction (%) 


32.4 (5.3) 
144.1 (5.1) 
12.2(14.3) 
7.8 (10.8) 


61.3(8.8) 
116.6(10.7) 
25.2(10.2) 
17.9 (14.1) 



[0056] The results show that there has been an increase in the deposition of active particles in stage two of the TSI, 
indicating an increased deposition in the lower lung, for the milled samples. 

55 

Example 4 

[0057] Carrier particles were prepared by the following method. 
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(a) 50g samples of milled and unmilled Meggle lactose EP D30 particles were prepared as described in steps {a) 
and (b) in Example 2 except that the mill was operated at 60 rpm for 6 hours using 90 to 125u.m lactose starting 
material. 

(b) 200g samples of Meggle lactose EP D30 particles were milled in a porcelain ball mill using plastics grinding 
balls. The mill was revolved at 60 rpm for 24 hours. The milling fractured the lactose particles. Agglomerates of fine 
lactose particles having particle size in the range of from 0.5 to 90um were produced, the median diameter being 

24UJTL 

(C) 2g of particles produced in step (b) were mixed with 18 g of milled particles produced in step (a). 

(d) The process described in Example 2(c) and (d) was carried out for the milled and treated and the unmilled lac- 
tose samples. 

(e) The effect of the treatment method on the surfaces of the lactose particles was verified as described in steps 
(g) and (h) of Example 1 except that the samples were assayed for drug content using HPLC analysis as in Exam- 
ple 2. 

(f) The respirable fraction calculated in respect of the treated sample was 25.5%. 
Claims 

1. A method of producing particles suitable for use as carrier particles in dry powder inhalers, the method including 
the step of treating particles of a size suitable for use as carrier particles in dry powder inhalers to dislodge asper- 
ities from the surfaces of the particles, without substantially changing the size of the particles during the treatment. 

2. A method according to claim 1 , wherein the asperities become reattached to the surfaces of the particles. 

3. A method according to claim 1 or 2, wherein the treatment step is a milling step. 

4. A method according to claim 3 when dependent on claim 1 , wherein many of the asperities become reattached to 
the surfaces of the carrier particles at areas of high energy. 

5. A method according to claim 3 or claim 4, wherein the milling step is performed in a ball mill. 

6. A method according to claim 5, wherein the carrier particles are milled using plastics balls. 

7. A method according to claim 5 or 6, wherein the mill is rotated at a speed of less than about 20 revolutions per 
minute. 

8. A method according to any of claims 5 to 7, wherein the mill is rotated at a speed of about six revolutions per 
minute. 

9. A method according to any of daims 3 to 8, wherein the particles are milled for at least one hour. 

10. A method according to any of claims 3 to 9, wherein the particles are milled for about six hours. 

11. A method according to daim 3, wherein the treatment step comprises milling the particles using a re-drculated low 
fluid energy mill. 

12. A method according to any preceding claim, wherein the carrier particles are crystalline sugar particles. 

13. A method according to daim 12, wherein the carrier particles are lactose particles. 

14. A method according to any preceding claim, wherein the diameter of the carrier particles lies between 50jim and 
lOOQum 

15. A method according to daim 14, wherein the diameter of the carrier particles lies between 90^m and I 25um. 

16. A method according to any preceding claim, wherein the method further includes the step of selecting an advanta- 
geous range of size of carrier particles prior to the treatment step. 

17. A method according to daim 1 6, wherein the step of selecting an advantageous range of size is a sieving step. 
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18. A method of producing a dry powder for use in dry powder inhalers, the method including the steps of treating car- 
rier particles to dislodge asperities from the surfaces of the carrier particles without substantially changing the size 
of the carrier particles during the treatment step, and mixing the treated carrier particles with active particles such 
that active particles adhere to the surfaces of carrier particles. 

19. A method according to claim 18, wherein the asperities become reattached to the surfaces of the carrier partides. 

20. A method according to claim 18, wherein the treatment step is a milling step and many of the asperities become 
reattached to the surfaces of the carrier particles at areas of high energy. 

21 . A method of producing a dry powder for use in dry powder inhalers, the method including the steps of treating car- 
rier particles according to any of claims 1 to 1 7, and mixing the treated carrier particles with the active particles 
such that active particles adhere to the surfaces of carrier particles. 

22. A method according to any of claims 1 8 to 20, wherein the carrier partides and the active particles are mixed in a 
container made from a plastics material. 

23. A method according to any of claims 1 8 to 21 , wherein the carrier partides and the active particles are mixed for at 
least five minutes. 

24. A method according to daim 23, wherein the carrier particles and the active partides are mixed for thirty minutes. 

25. A method according to claim 23 or claim 24, wherein the mixing is interrupted and the mixture of carrier particles 
and active particles is sieved. 

26. A method according to daim 25, wherein the sieve mesh size is about 250um 

27. A method according to any of claims 1 8 to 26, wherein the carrier particles and active particles are mixed in a ratio 
by weight of 125 to 1. 

28. A method according to any of claims 1 8 to 27, wherein the diameter of the active particles is between 0.1 u*m and 
3u.m. 

29. A method according to any of daims 18 to 28, wherein the active particles include a P2* a 9 on,st * 

30. A method according to claim 29, wherein the active particles include terbutaline, a salt of terbutaline or a combina- 
tion thereof. 

31. A method according to claim 29, wherein the active particles include salbutamol, a satt of salbutamoi or a combi- 
nation thereof. 

32. A method according to claim 31 , wherein the active particles include salbutamol sulphate. 

33. Particles suitable for use as carrier partides in a dry powder inhaler wherein the particles are made by a method 
according to any of claims 1 to 1 7. 

34. Particles according to claim 33, the partides consisting of small grains and large partides to the surfaces of which 
the small grains are attached. 

35. Particles according to claim 34, wherein the small grains have a diameter between 1 ujti and 5ujn. 

36. Partides according to claim 34 or claim 35, wherein the large particles have a diameter between 50um and 
IOOOujti. 

37. Partides according to claim 36, wherein at least a substantial proportion of the large partides have a diameter 
between 60um and 250um. 

38. Partides according to any of claims 34 to 37, wherein the large partides are crystalline sugar particles. 
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39. Particles according to any of claims 34 to 38, wherein the large particles are particles of lactose. 

40. A method of producing particles according to any of claims 33 to 39, the method including the step of treating large 
particles such that small grains adhere to the surfaces of the large particles. 

5 

41. A method according to claim 40, wherein the small grains are of substantially the same material as that of the large 
particles. 

42. A method according to claim 40 or claim 41 , wherein the treatment step is a mixing step. 

w 

43. A method according to any of claims 40 to 42, wherein the small grains are the product of milling large particles. 

44. A method according to claim 43, wherein the large particles and small grains are mixed in a ratio by weight of at 
least one part of large particles to each part of small grains. 

15 

45. Particles suitable for use as carrier particles in a dry powder inhaler, wherein the particles are made by a method 
according to any of claims 40 to 44. 

46. A dry powder suitable for use in a dry powder inhaler including carrier particles according to any of claims 33 to 39 
20 and 45 and active particles, wherein active particles adhere to the surfaces of carrier particles. 

Patentanspruche 

1. Vertahren zur Herstellung von Partikeln, die zur Verwendung als Tragerpartikel in Trockenpulverinhatatoren geeig- 
25 net sind, wobei das Verfahren den Schritt umfaBt: Behandeln von Partikeln, die eine geeignete GroBe fur die Ver- 
wendung als Tragerpartikel in Trockenpurverinhaiatoren aufweisen, um Rauhigkeiten auf den Oberflachen der 
Parti ke I zu entfernen, ohne die GroGe der Partikel wan rend der Be hand lung im wesentlichen zu verandern. 

2. Verfahren nach Anspruch 1 , wobei die Rauhigkeiten auf den Oberflachen der Partikel wieder gebunden werden. 

30 

3. Verfahren nach Anspruch 1 oder 2, wobei der Behandlungsschritt ein Mahlschritt ist 

4. Verfahren nach Anspruch 3, wenn er von Anspruch 1 abhangig ist, wobei viele der Rauhigkeiten an den Oberfla- 
chen der Tragerpartikel in Gebieten mit hoher Energie wieder gebunden werden. 

35 

5. Verfahren nach Anspruch 3 oder 4, wobei der Mahlschritt in einer Kugelmuhle durchgefuhrt wird. 

6. Verfahren nach Anspruch 5, wobei die Tragerpartikel unter Verwendung von Kunststoffkugeln gemahlen werden. 

40 7. Verfahren nach Anspruch 5 oder 6, wobei die Muhle bei einer<3eschwindigkeit von weniger als etwa 20 Umdrehun- 
gen pro Minute rotiert 

8. Verfahren nach einem der Anspruche 5 bis 7, wobei die Muhle bei einer Geschwindigkeit von etwa sechs Umdre- 
hungen pro Minute rotiert 

45 

9. Verfahren nach einem der Anspruche 3 bis 8, wobei die Partikel mindestens eine Stunde gemahlen werden. 

10. Verfahren nach einem der Anspruche 3 bis 9, wobei die Partikel etwa sechs Stunden gemahlen werden. 

so 11. Verfahren nach Anspruch 3, wobei der Behandlungsschritt das Mahlen der Partikel unter Verwendung einer 
Umwalzniederstrahlmuhle umfaBt 

12. Verfahren nach einem der vorstehenden Anspruche, wobei die Tragerpartikel kristailine Zuckerpartikel sind. 

55 13. Verfahren nach Anspruch 12, wobei die Tragerpartikel Lactosepartike! sind. 

14. Verfahren nach einem der vorstehenden Anspruche, wobei der Durchmesser der Tragerpartikel zwischen 50 \im 
und 1 000 urn liegt 
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15. Verfahren nach Anspruch 14, wobei der Durchmesser der Tragerpartikel zwischen 90 u.m und 125 nm liegt. 

16. Verfahren nach einem der vorstehenden Anspruche, wobei das Verfahren weiterhin den Schritt umfaBt Auswahlen 
eines vorteilhaften GroBenbereichs der Tragerpartikel vor dem Behandlungsschritt. 

17. Verfahren nach Anspruch 16, wobei der Schritt, in dem ein vorteilhafter GroBenbereich ausgewahlt wird, ein Sieb- 
schritt ist. 

18. Verfahren zur Hersteliung eines Trockenpulvers zur Verwendung in Trockenpulverinhalatoren, wobei das Verfahren 
die Schritte umfaBt: Behandeln von Tragerpartikeln, um Rauhigkeiten von den Oberflachen der Tragerpartikel zu 
entfernen, ohne die GroBe der Tragerpartikel wahrend des Behandlungsschrittes im wesentlichen zu verandern 
und Mischen der behandelten Tragerpartikel mit aktiven Partikeln, so daB aktive Partikel an den Oberflachen von 
Tragerpartikeln haften. 

19. Verfahren nach Anspruch 18, wobei die Rauhigkeiten auf den Oberflachen der Tragerpartikel wieder gebunden 
werden. 

20. Verfahren nach Anspruch 18, wobei der Behandlungsschritt ein Mahlschritt tst und viele der Rauhigkeiten an den 
Oberflachen der Tragerpartikel in Gebteten mit hoher Energie wieder gebunden werden. 

21. Verfahren zur Hersteliung eines Trockenpulvers zur Verwendung in Trockenpulverinhalatoren, wobei das Verfahren 
die Schritte umfaBt: Behandeln von Tragerpartikeln gemaB einem der Anspruche 1 bis 17 und Mischen der behan- 
delten Tragerpartikel mit den aktiven Partikeln, so daB aktive Partikel an den Oberflachen von Tragerpartikeln haf- 
ten. 

22. Verfahren nach einem der Anspruche 1 8 bis 20, wobei die Tragerpartikel und die aktiven Partikel in einem aus 
Kunststoff hergeste litem Be halter gemischt werden. 

23. Verfahren nach einem der Anspruche 1 8 bis 21 , wobei die Tragerpartikel und die aktiven Partikel mindestens funf 
Minuten gemischt werden. 

24. Verfahren nach Anspruch 23, wobei die Tragerpartikel und die aktiven Partikel dreiBkg Minuten gemischt werden. 

25. Verfahren nach Anspruch 23 oder24, wobei das Mischen unterbrochen wind und die Mischung aus Tragerpartikeln 
und aktiven Partikeln gesiebt wird. 

26. Verfahren nach Anspruch 25, wobei die Siebmaschenweite etwa 250 |im betragt. 

27. Verfahren nach einem der Anspruche 18 bis 26, wobei die Tragerpartikel und die aktiven Partikel in einem 
Gewichtsverhaltnis von 125 zu 1 gemischt werden. 

28. Verfahren nach einem der Anspruche 1 8 bis 27, wobei der Durchmesser der aktiven Partikel zwischen 0,1 \im und 
3 um betragt. 

29. Verfahren nach einem der Anspruche 18 bis 28, wobei die aktiven Partikel einen P 2 ' A 9 onisten enthatten. 

30. Verfahren nach Anspruch 29, wobei die aktiven Partikel Terbutafin, ein Terbutalirtsalz Oder eirte Kombination hier- 
von enthatten. 

31. Verfahren nach Anspruch 29, wobei die aktiven Partikel Salbutamol, ein Salbutamoisalz odereine Kombination 
hiervon enthalten. 

32. Verfahren nach Anspruch 31, wobei die aktiven Partikel Salbutamolsutfat enthatten. 

33. Partikel, die zur Verwendung als Tragerpartikel in einem Trockenpulverinhalator geeignet sind, wobei die Partikel 
nach einem Verfahren gemaB einem der Anspruche 1 bis 17 hergestellt werden. 

34. Partikel nach Anspruch 33, wobei die Partikel aus Weinen Kornern und groBen Partikeln bestehen, wobei an den 
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Oberfiachen der groBen Partikel die kleinen Korner gebunden sind. 
35. Partikel nach Anspruch 34, wobei die kleinen Korner einen Durchmesser zwischen 1 pm und 5 u,m aufweisen. 

5 36. Partikel nach Anspruch 34 oder 35, wobei die groBen Partikel einen Durchmesser zwischen 50 u.m und 1000 urn 
aufweisen. 

37. Partikel nach Anspruch 36, wobei mindestens ein wesentlicher Anteil der groBen Partikel «inen Durchmesser zwi- 
schen 60 um und 250 urn aufweist. 

w 

38. Partikel nach einem der Anspruche 34 bis 37, wobei die groBen Partikel kristalline Zuckerpartikel sind. 

39. Partikel nach einem der Anspruche 34 bis 38, wobei die groBen Partikel Lactosepartikel sind 

75 40. Verfahren zur Herstellung von Partikeln gemaB einem der Anspruche 33 bis 39, wobei das Verfahren den Schritt 
umfaBt: Behandeln von groBen Partikeln, so daB kleine Korner an den Oberfiachen der groBen Partikel haften. 

41. Verfahren nach Anspruch 40, wobei die kleinen Korner im wesentlichen aus demselben Material bestehen wie das 
Material der groBen Partikel. 

20 

42. Verfahren nach Anspruch 40 oder 41, wobei der Behandlungsschritt ein Mischschritt ist. 

43. Verfahren nach einem der Anspruche 40 bis 42, wobei die kleinen Korner das Produkt des Mahtens von groBen 
Partikeln sind. 

25 

44. Verfahren nach Anspruch 43, wobei die groBen Partikel und die kleinen KGrner in einem Gewichtsverhaltnis von 
mindestens einem Teil groBer Partikel zu jeweils einem Teil kleiner KBrner gemischt werden. 

45. Partikel, die zur Verwendung als Tragerpartikel in einem Trockenpulverinhalator geeignet sind, wobei die Partikel 
30 nach einem Verfahren gemaB einem der Anspruche 40 bis 44 hergestellt sind. 

46. Trockenpulver, das zur Verwendung in einem Trockenpulverinhalator geeignet ist, das Tragerpartikel gemaB einem 
der Anspruche 33 bis 39 und 45 und aktive Partikel enthalt, wobei aktive Partikel an den Oberfiachen von Trager- 
partikeln haften. 

35 

Revendicatlons 

1. Precede pour produire des particuies appropriees pour une utilisation en tant que particuies porteuses dans des 
inhalateurs a poudre seche. le procede incluant Tetape consistent a traiter des particuies d'une tailie appropriee 

40 pour une utilisation comme particuies porteuses dans des inhalateurs a poudre seche en vue de detacher des 
asperites a partir des surfaces des particuies, sans changer sensiblement la taille des particuies pendant \e traite- 
ment 

2. Procede selon la revendication 1 , dans lequel les asperites viennent se refixer sur les surfaces des particutes. 

45 

3. Procede selon la revendication 1 ou 2, dans lequel I'etape de traitement est une etape de broyage. 

4. Procede selon la revendication 3 quand elie depend de la revendication 1, dans lequel de nombreuses asperites 
viennent se refixer sur les surfaces des particuies porteuses au niveau des zones cfenergie elev6e. 

so 

5. Procede selon la revendication 3 ou 4, dans lequel Tetape de broyage est realisee dans un broyeur a billes. 

6. Procede selon la revendication 5, dans lequel les particuies porteuses sont broyees en utilisant des billes de 
matiere plastique. 

55 

7. Procede selon la revendication 5 ou 6, dans lequel le broyeur toume a une Vitesse inferieure a environ 20 tours par 
minute. 
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8. Procede selon I'une quelconque des revindications 5 a 7, dans lequel le broyeur tourne a une vitesse d'environ six 
tours par minute. 

9. Procede selon Tune quelconque des revendications 3a8, dans lequel les particules sont broyees pendant au 
5 moins une heure. 

10. Procede selon Tune quelconque des revendications 3 a 9, dans lequel les particules sont broyees pendant environ 
six heures. 

Procede selon la revendication 3, dans lequel I'etape de traitement consiste a broyer les particules en utilisant un 
broyeur a fluide de faible energie recycle. 

Procede selon I'une quelconque des revendications precedentes, dans lequel les particules porteuses sont des 
particules de sucre cristailise. 

Procede selon la revendication 12, dans lequel les particules porteuses sont des particules de lactose. 

Procede selon Tune quelconque des revendications precedentes, dans lequel le diametre des particules porteuses 
est compris entre 50 et 1 000 urn 

Procede selon la revendication 14, dans lequel le diametre des particules porteuses est compris entre 90 uxn et 
1 25 urn 

Procede selon Tune quelconque des revendications precedentes, dans lequel le procede indue de plus I'etape 
consistant a choisir une gamme avantageuse de taiile de particules porteuses avant I'etape de traitement. 

Procede selon la revendication 16, dans lequel I'etape consistant a choisir une gamme avantageuse de tailie est 
une etape de tamisage. 

Procede de production d'une poudre seche pour une utilisation dans des inhalateurs a poudre seche, le procede 
incluant les etapes consistant a traiter les particules porteuses en vue de detacher les aspe rites a parti r des surfa- 
ces des particules porteuses sans changer sensiblement la tailie des particules porteuses pendant I'etape de trai- 
tement, et a melanger les particules porteuses traitees avec des particules actives de sorte que les particules 
actives adherent aux surfaces des particules porteuses. 

Procede selon la revendication 1 8, dans lequel les asperites viennent se refixer sur les surfaces des particules por- 
teuses. 

20. Procede selon la revendication 18, dans lequel I'etape de traitement est une etape de broyage et de nombreuses 
40 asperites viennent se refixer sur les surfaces des particules porteuses au niveau des zones d'energie elevee. 

21 . Procede de production d'une poudre seche pour une utilisation dans des inhalateurs a poudre seche, le procede 
incluant les etapes consistant a traiter les particules porteuses selon Tune quelconque des revendications 1 a 17, 
et a melanger les particules porteuses traitees avec les particules actives de sorte que les particules actives adhe- 

45 rent aux surfaces des particules porteuses. 

22. Procede selon Tune quelconque des revendications 18 a 20, dans lequel les particules porteuses et les particules 
actives sont melangees dans un recipient fabrique a partir d'une matiere plastique. 

so 23. Procede selon I'une quelconque des revendications 18 a 21, dans lequel les particules porteuses et les particules 
actives sont melangees pendant au moins cinq minutes. 

24. Procede selon la revendication 23, dans lequel les particules porteuses et les particules actives sont melangees 
pendant trente minutes. 

55 

25. Procede selon la revendication 23 ou 24, dans lequel le melange est interrompu et le melange des particules por- 
teuses et des particules actives est tamise. 
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26. Precede selon la revendication 25, dans lequei ta tailie de la maille de tamis est d'environ 250 urn. 

27. Precede selon Tune quelconque des revendications 18 a 26, dans lequei les particules porteuses et les particules 
actives sont melangees dans un rapport ponderal de 125 a 1. 

5 

28. Precede selon Tune quelconque des revendications 18 a 27, dans lequei le diametre des particules actives est 
compris entre 0,1 urn et 3 urn. 

29. Precede selon Tune quelconque des revendications 18 a 28, dans lequei les particules actives incluent un P 2 -ago- 
w niste. 

30. Precede selon la revendication 29, dans lequei les particules actives incluent la teibutaline, un set de terbutaline 
ou une de leurs combinaisons. 

is 31. Precede selon la revendication 29, dans lequei les particules actives incluent le salbutamol, un sel de salbutamol 
ou une de leurs combinaisons. 

32. Precede selon la revendication 31 , dans lequei les particules actives incluent le sulfate de salbutamol. 

20 33. Particules appropriees pour une utilisation en tant que particules porteuses dans un inhalateur a poudre seche, 
dans lequei les particules sont fabriquees par un precede selon I'une quelconque des revendications 1 a 17. 

34. Particules selon la revendication 33, les particules se composant de petits grains et de grandes particules aux sur- 
faces desquelles les petits grains sont fixes. 

25 

35. Particules selon la revendication 34, dans lesquelles les petits grains ont un diametre compris entre 1 uxnet 5 um. 

36. Particules selon la revendication 34 ou 35, dans lesquelles les grandes particules ont un diametre compris entre 
50 urn et 1 000 urn. 

30 

37. Particules selon la revendication 36, dans lesquelles eu moins une proportion importante des grandes particules 
possede un diametre compris entre 60 u/n et 250 um. 

38. Particules selon Tune quelconque des revendications 34 a 37, dans lesquelles les grandes particules sont des par- 
35 ticules de sucre cristallise. 

39. Particules selon i'une quelconque des revendications 34 a 38, dans lesquelles les grandes particules sont des par- 
ticules de lactose. 

ao 40. Precede de production de particules selon I'une quelconque des revendications 33 a 39, \e procede induant I'etape 
consistant a traiter les grandes particules de sorte que de petits grains adherent aux surfaces des grandes parti- 
cules. 

41. Precede selon la revendication 40, dans lequei les petits grains sont sensiblement de la meme matiere que celle 
45 des grandes particules. 

42. Procede selon la revendication 40 ou 41, dans lequei Tetape de traitement est une etape de melange. 

43. Procede selon I'une quelconque des revencfications 40 a 42, dans lequei les petits grains sont le produit du broyage 
so des grandes particules. 

44. Precede selon ia revendication 43, dans lequei les grandes particules et les petits grains sont melanges dans un 
rapport ponderal cfau moins une partie de grandes particules pour chaque partie de petits grains. 

55 45. Particules appropriees pour une utilisationen tant que particules porteuses dans un inhalateur a poudre seche, 
dans lequei les particules sont fabriquees par un precede selon I'une quelconque des revendications 40 a 44. 

46. Poudre seche appropriee pour une utilisation dans un inhalateur a poudre seche incluant des particules porteuses 
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selon I'une quelconque des revendications 33 a 39 et 45 et des particules actives, dans laquelle les particules acti- 
ves adherent aux surfaces de particules porteuses. 
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